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Background: Carotid endarterectomy (CEA) is the standard treatment for atherosclerotic lesions involving the carotid
bifurcation. However, CEA can be challenging under some conditions. We describe the technique and outcome of
prosthetic carotid bypass grafting (PCB) with polytetrafluoroethylene (PTFE) grafts as an elective alternative to CEA.
Patients and methods: This retrospective analysis of prospectively collected data came from a series of 110 consecutive
PCBs, that is, 9.6% of 1140 carotid revascularization procedures performed in our department between September 1986
and July 2002. Primary indications for PCB were extensive atherosclerotic lesions (n  45, 40.9%), carotid stenosis
associated with kinking (n  29, 26.4%), recurrent stenosis (n  18, 16.4%), and stenosis after radiation therapy (n  7,
6.4%).
Results: The combined stroke and death rate at 30 days was 0.9%. Mean duration of follow-up was 647  71 days. Four
carotid bypass grafts (3.6%) became occluded, and stenosis recurred in 1 (0.9%). At 3 years, overall actuarial survival was
81.4  11.5 and actuarial stroke-free rate was 97.7  2.3. There were no fatal strokes.
Conclusion: PCB is a viable technique for treatment of extensive atherosclerotic carotid lesions, recurrent carotid stenosis,
and carotid stenosis after radiation therapy. Postoperative stroke, occlusion, and recurrent stenosis rates are comparable
to those associated with CEA performed under optimal conditions. (J Vasc Surg 2003;38:1031-8.)
Carotid endarterectomy (CEA) is the standard treat-
ment for atherosclerotic lesions involving the carotid bifur-
cation.1-13 While well suited for treatment of most carotid
stenoses, CEA can be challenging in some cases, such as
extensive stenosis in the internal or common carotid ar-
tery,14 stenosis associated with carotid kinking,14,15 steno-
sis after radiation therapy, and fibrous recurrent stenosis.
For these indications, carotid bypass grafting is a particu-
larly attractive alternative to CEA, because the length of the
bypass is short, flow rate is high, and the proximal and distal
arteries are usually free of atherosclerotic lesions. This
retrospective analysis of prospectively collected data was
undertaken to document the results of elective use of
prosthetic carotid bypass (PCB) with a polytetrafluoroeth-
ylene (PTFE) graft in selected indications.
METHODS
From September 1986 to July 2002, a total of 1140
carotid revascularization procedures, including 25 repeat
procedures, were carried out in our vascular surgery depart-
ment. In 110 of the 1140 procedures (9.6%), PCB with a
PTFE graft (W. L. Gore & Associates, Flagstaff, Ariz) was
performed. Mean patient age in the PCB group was 72.9
9.2 years (range, 48-92 years). Degree of carotid stenosis,
according to criteria of the North American Symptomatic
Carotid Endarterectomy Trial,3 is summarized in Table I,
associated risk factors are shown in Table II, and neurologic
symptoms are listed in Table III. The lesions were asymp-
tomatic in 61 patients (55.4%). Symptoms included tran-
sient ischemic attack or amaurosis in 33 patients (30.1%)
and minor stroke in 14 patients (12.7%).
The most common indication for PCB was extensive
atherosclerotic stenosis with involvement of the common
or distal internal carotid artery, in 45 patients (40.9%; Table
IV). Other indications were carotid stenosis associated with
kinking in 29 patients (26.4%), recurrent stenosis in 18
patients (16.3%), stenosis after radiation therapy in 7 pa-
tients (6.4%), and technical failure of CEA in 11 patients
(10%). Causes of technical failure of CEA were fracture
disruption of atherosclerotic plaque in the common carotid
artery during clamping (n  2), transmural atherosclerotic
involvement resulting in perforation of the wall during
endarterectomy (n  5), and intimal flap of the internal
carotid artery detected at completion arteriographic assess-
ment (n 4). Technical failure, in which PCB was the only
alternative, accounted for 1% of the 1040 CEAs performed
during the study.
After each procedure a file including all preoperative
clinical findings and operative data was opened. This file
was updated at discharge and after follow-up examinations
at the end of the first month and yearly thereafter. Fol-
low-up examination included clinical findings and color
duplex scanning of the supra-aortic trunks. Recurrent ste-
nosis was defined as any stenosis involving more than 50%
of the vessel diameter,3 with peak systolic velocity greater
than 120 cm/s and either spectral broadening or end-
diastolic velocity greater than 100 cm/s.15 Statistical anal-
ysis was performed to determine survival, stroke-free, and
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recurrent stenosis rates, according to the Kaplan-Meier
method, with calculation of the standard error.
Operative technique. The patient was placed in the
usual position for CEA, with the head on a ring, face turned
away from the operative side, and shoulders propped up
with a sandbag. The carotid artery was exposed along the
anterior border of the sternomastoid muscle, from the
omohyoid to the digastric muscle. The dissection plane
passed in front of the internal jugular vein. The hypoglossal
nerve was located, and the descending branch was divided.
Rather than dividing the digastric muscle in patients with
high carotid bifurcations or extensive lesions of the internal
carotid artery (n  7), our technique consisted of dividing
the descending branch of the ansa cervicalis from the hy-
poglossal nerve, ligating the small arterial branch tethering
the hypoglossal nerve, and finally reclining the muscle
upward. Ligation of the occipital artery and vein was also
needed, to enhance mobilization of the hypoglossal nerve.
To avert nerve injury, diathermy should not be applied to
these small vessels. If atherosclerotic lesions extended to
the common carotid artery, that vessel was exposed after
division of the omohyoid muscle (n  4).
Proximal anastomosis of the PTFE graft (6 mm diam-
eter, n 105; 8 mm diameter, n 6) was made as follows.
After systemic heparinization (50 UI/kg), the common
carotid artery was clamped at the base of the neck, about 4
cm below the carotid bifurcation (Fig 1, A). Thus the
external carotid artery and its branches continued to supply
blood to the internal carotid artery during carotid occlusion
in nearly 50% of cases.16 Arteriotomy was performed on the
common carotid artery, and an end-to-side anastomosis 20
mm long was made between the PTFE graft and the
common carotid artery with 6-0 polypropolene (Prolene)
or Gore-Tex CV8 (Gore) suture. After terminating the
anastomosis, the internal carotid artery was clamped 2 to 3
cm distal to the atherosclerotic lesion (Fig 1, B). Any air or
debris within the lumen was evacuated through the unat-
tached end of the PTFE graft before restoring flow in the
common carotid artery and external carotid artery.
Distal anastomosis of the PTFE bypass graft was made
as follows. The internal carotid artery was clipped immedi-
ately distal to the atherosclerotic lesions, and a 15-mm-long
arteriotomy was made on the internal carotid artery. The
graft was then filled with heparin-saline solution and ex-
posed to arterial tension to facilitate length measurement
and thus avert tension or kinking. An end-to-side distal
anastomosis was made between the PTFE graft and internal
carotid artery (Fig 1, C). After flushing, the suture line was
tied under pressure, and the clamp was removed from the
internal carotid artery. Completion digital arteriography
was performed in all cases.
Variant techniques. In 18 patients with severe com-
mon and external carotid artery stenosis (Fig 2, A), ampu-
tation of the origin of the internal carotid artery (Fig 2, B)
followed by localized endarterectomy in the common and
external carotid arteries was required. This was performed
under direct vision, with control of the distal end point on
the external carotid artery (Fig 3). The arteriotomy was
closed with direct suture (n 2) or patch angioplasty (n
16).
In cases with extensive stenosis of the ipsilateral com-
mon carotid artery or innominate artery trunk, proximal
anastomosis was performed on the ipsilateral subclavian
artery (n 1) or contralateral common carotid artery (n
1). In cases with lesions extending high into the distal
internal carotid artery, the distal internal carotid artery
stump was transposed anterior to the hypoglossal nerve
before anastomosis (n  7).
A carotid shunt was used in 5 patients (4.5%). It was
placed at the beginning of the procedure in the distal
internal and common carotid artery.7 To enable extraction
of the shunt, the last fourth of the proximal anastomosis
suture was left open. The distal anastomosis was made in
similar fashion with the shunt in place. Both anastomoses
were terminated after shunt removal.
Table I. Degree of carotid stenosis in 110 patients
undergoing carotid bypass with PTFE grafts
Carotid
stenosis* (%)
No. of carotid
arteries %
50-69 18 16.4
70-89 54 49.1
90-99 38 34.5
*Measurement of stenosis was performed according to criteria defined by
North American Symptomatic Carotid Endarterectomy Trial.3
Table II. Main systemic and local risk factors in 110
patients with carotid stenosis treated with carotid bypass
with PTFE grafts
Risk factors
No. of
patients %
Systemic
Hypertension 76 69.1
Dyslipidemia 61 55.4
Diabetes 23 20.9
Lower extremity occlusive artery disease 11 10.1
Coronary artery disease 32* 29.1
Local
Neck irradiation 7† 6.4
Contralateral carotid occlusion 6 5.4
*Among 32 patients with coronary artery disease, 10 underwent coronary
artery bypass grafting or angioplasty.
†One patient who underwent neck irradiation had a tracheotomy.
Table III. Manifestations in 110 patients with carotid
stenosis treated with carotid bypass with PTFE grafts
Neurologic symptoms No. of patients %
Asymptomatic 61 55.4
Transient ischemic attack 33* 30.1
Stroke 14 12.7
Vertebrobasilar insufficiency 2 1.8
*Among the 33 patients with transient ischemic attack, 11 had amaurosis.
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RESULTS
The combined stroke and death rate at 30 days was
0.9%. The only complication was nonfatal postoperative
stroke in one patient treated because of symptomatic ca-
rotid stenosis causing amaurosis. Completion arteriograms
and postoperative duplex scans in this patient demonstrated
a patent, functional PCB with no defect, suggesting that
embolism was the most likely cause of stroke. Postoperative
mortality was nil. Postoperative complications are summa-
rized in Table V. No systemic or prosthetic infection oc-
curred in this series.
Mean follow-up was 647  71 days. Cumulative sur-
vival was 94.7%  5% at 1 year and 81.4  11% at 3 years
(Fig 4). Follow-up color duplex scans demonstrated occlu-
sion of 6-mm-diameter PTFE grafts in four patients, at 40
days, 109 days, 2 years, and 4 years, and recurrent stenosis
greater than 50% in one patient. Three of the four patients
with occlusions had no symptoms; the remaining patient,
with occlusion at 4 years, had stroke. Postoperative duplex
scans were normal in all four of these patients. In the
patients with PTFE graft occlusion at 2 and 4 years after
operation, duplex scans were normal at 1 year before oc-
Table IV. Indications for carotid bypass with PTFE grafts in 110 patients
Indications for carotid bypass No. of patients %
Extensive stenosis (common and/or internal carotid artery) 45 40.9
Stenosis associated with kinking or coiling 29 26.4
Recurrent stenosis 18 16.3
Technical failure of endarterectomy 11 10
Stenosis after radiation therapy 7 6.4
Fig 1. Proximal anastomosis of PTFE graft. A, After systemic heparinization (50 UI/kg), common carotid artery is
clamped at base of neck, about 4 cm below carotid bifurcation. Arteriotomy is performed on common carotid artery,
and end-to-side anastomosis is made between PTFE graft and common carotid artery. B, After terminating anasto-
mosis, internal carotid artery is clamped 2 to 3 cm distal to atherosclerotic lesion. Any air or debris within the lumen is
evacuated through unattached end of PTFE graft before restoring flow in common carotid artery and external carotid
artery. C, Distal anastomosis of PTFE bypass graft is made as follows. Internal carotid artery is clipped immediately
distal to atherosclerotic lesions, and arteriotomy is made on internal carotid artery. End-to-side distal anastomosis is
made between PTFE graft and internal carotid artery. After flushing, suture line is tied under pressure, and clamp is
removed from internal carotid artery.
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clusion. The cause of occlusion, thrombocytopenia, could
be determined in only one patient. Turbulence due to
recurrent stenosis involving less than 40% of the lumen was
noted in 11 patients. These recurrent stenoses were located
in the common carotid artery in 6 patients, proximal anas-
tomosis in 4 patients, and distal anastomosis in 1 patient.
All of these noncritical recurrent stenoses were stable and
asymptomatic.
Primary bypass graft patency was 97.4%  3.5% at 1
year and 95.0%  5.7% at 3 years (Fig 5). Actuarial stroke-
free rate was 97.7% 2.3% at 3 years (Fig 6). Two patients
had ipsilateral stroke during follow-up, at 102 days in one
patient with a patent bypass and related to occlusion of the
bypass graft 4 years after the procedure in the other patient.
No contralateral stroke occurred during follow-up.
DISCUSSION
This study demonstrates that PCB with PTFE grafts
can be performed with a combined stroke and death rate
comparable to that observed in the best CEA series.2,3,10
This finding is in agreement with two nonrandomized
comparative studies that showed no significant difference in
outcome with carotid bypass grafting and CEA.14,17 A
randomized prospective study of the effectiveness of these
two techniques would be meaningless, because carotid
bypass grafting is indicated only under challenging condi-
tions for CEA.
In our experience, PCB with PTFE grafts was used as
an alternative to CEA in fewer than 10% of the 1140 carotid
repair procedures carried out during the study. Like other
French groups,17,18 including Cormier et al,19-21 the main
proponents of the technique in France, we performed
carotid bypass electively. The primary determinants for
successful outcome are accurate measurement of graft
length so that the distal anastomosis can be made without
tension or kinking after clamp removal, creation of an
end-to-side internal carotid anastomosis, and implantation
of both ends of the bypass graft in nondiseased carotid
arteries. Although the distal anastomosis may be made
end-to-end, we prefer end-to-side anastomosis when the
posterior wall of the distal internal carotid artery is thick-
ened, because it enables creation of a larger, less technically
demanding anastomosis.14,24
The most common indications for carotid bypass graft-
ing are extensive atherosclerotic lesions of the common or
internal carotid artery, stenosis associated with kinking,
recurrent stenosis, technical failure of CEA because of
presence of a major intimal flap in the internal or external
carotid artery or carotid wall perforation during CEA to
treat transmural atherosclerotic lesions, early occlusion af-
ter carotid endarterectomy, and atherosclerotic stenosis
after radiation therapy.
Extensive atherosclerotic lesions. Regardless of the
technique used, CEA to treat extensive atherosclerotic
stenosis of the common carotid artery leaves a step at the
proximal end of the endarterectomy. Archie22 showed that
Fig 2. In severe common and external carotid artery stenosis (A),
amputation of origin of internal carotid artery is necessary, (B),
followed by localized endarterectomy in common and external
carotid arteries. Arteriotomy is closed with direct suture.
Fig 3. Intraoperative arteriography of a prosthetic internal bypass
with endarterectomy and patch of the external carotid artery, as
described in Fig 2.
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the presence of a step greater than 2 mm could cause
embolism and restenosis. Because carotid bypass grafting
reduces the risk for such complications, it is especially
suitable for treatment of extensive atherosclerotic lesions.
Another alternative for treatment of extensive lesions of the
internal carotid artery is extended open endarterectomy
with patch angioplasty. However, that technique creates a
long endarterectomized zone with high thrombogenic po-
tential. In view of that drawback, prosthetic carotid bypass
grafting seems to be the simplest and safest method, al-
though it too has thrombogenic potential.
Stenosis associated with kinking or coiling of inter-
nal carotid artery. In addition to carotid bypass grafting,
treatment alternatives for stenosis associated with kinking
or coiling of the internal carotid artery include eversion
CEA associated with either shortening of the internal ca-
rotid artery or reimplantation of the internal carotid artery
on the common carotid artery.11,15 However, use of the
eversion technique is difficult in cases involving thick
plaque in the common carotid artery. In this regard, most
residual stenoses after eversion CEA are located in the
common carotid artery.15 CPB seems to be an acceptable
alternative to eversion endarterectomy in these cases.
Recurrent carotid stenosis. Recurrent stenosis after
CEA is uncommon. According to Gelabert and Moore,23
fewer than 1.5% of patients undergoing CEA require repeat
operation because of recurrent stenosis. In our experience,
recurrent stenosis after CEA occurred in only 2.2% of
carotid repair procedures performed, and accounted for
16.4% of carotid bypass procedures. Repeat CEA with
patch angioplasty has been used to treat recurrent stenosis,
especially when the lesion develops late as a result of ather-
omatous progression.25 However Gagne et al26 docu-
mented further recurrent stenosis in 20% of patients who
underwent repeat CEA. In the present study no further
recurrence was observed after treatment of recurrent steno-
sis with PTFE bypass grafts.
Prosthetic grafts appear to be more suitable than ve-
nous grafts for carotid bypass after recurrent carotid steno-
sis. According to Cormier et al,20, 21 only greater saphe-
nous vein segments 4 to 5 mm in diameter are useable,
because segments smaller than 4 mm in diameter or with
thick walls are prone to early thrombosis and stenosis, and
segments larger than 5 mm in diameter are prone to aneu-
rysm. In a series of 38 venous carotid bypass procedures,
Berguer and Kline27 observed two recurrent stenoses in-
volving saphenous vein with diameter less than 4 mm.
Another prerequisite feature for use of vein grafts for ca-
rotid bypass is absence of valves and collateral branches. An
Table V. Early complications after carotid bypass with
PTFE grafts in 110 patients
Complications No. of patients %
Stroke 1 0.9
Transient ischemia attack 1 0.9
Peripheral nerve paralysis 2 1.8
Cervical hematoma 1 0.9
Superficial infection 1 0.9
Myocardial infarction 1 0.9
Fig 4. Cumulative survival rate with 95% confidence interval. The
number of patients at risk for each interval is given. Cumulative
survival rate was 81.4  11% at 3 years.
Fig 5. Bypass graft patency rate with 95% confidence interval. The
number of patients at risk for each interval is given. Cumulative
patency was 95.0  5.7% at 3 years.
Fig 6. Kaplan-Meier stroke-free rate with 95% confidence interval.
The number of patients at risk for each interval is given. Stroke-free
rate was 97.7  2.3% at 3 years.
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added disadvantage of vein grafts is that it is necessary to
harvest the greater saphenous vein at the thigh level to
obtain a segment of adequate diameter. Thigh-level har-
vesting enhances potential for thrombosis of the remaining
segment of vein and thus the likelihood that it will become
unusable for future revascularization procedures.
Immediate technical failure of carotid endarterec-
tomy. Immediate technical failure of CEA is uncommon.
It occurred in only 1% of the 1040 CEA procedures per-
formed during the study and accounted for only 10% of our
indications for carotid bypass grafting. In most cases CEA
failure was due either to difficulty associated with treatment
of extensive lesions of the common or internal carotid
artery or to perforation of artery wall during endarterec-
tomy of transmural atherosclerotic lesions. Other causes
included suture stenosis, kink-related narrowing, and distal
intimal flaps after eversion endarterectomy, mandating
conversion from CEA to carotid bypass grafting.28,29
Another situation with potential for CEA failure in-
volves massive calcified atherosclerotic lesions of the com-
mon carotid artery extending into the external carotid
artery. In these cases blind endarterectomy of the external
carotid artery may lead to formation of a distal intimal flap,
resulting in secondary occlusion of the external carotid
artery, with risk for retrograde cerebral embolism via the
internal carotid artery.30 Carotid bypass grafting resolves
this problem by dissociating revascularization of the inter-
nal carotid artery from revascularization of the external
carotid artery (Fig 2), and enabling separate external ca-
rotid endarterectomy under direct vision.
Early occlusion after carotid endarterectomy. Early
occlusion is uncommon after carotid endarterectomy. In
patients with localized deficit without disturbance of con-
sciousness, the consensus is that immediate repeat opera-
tion is warranted.31 The most effective technique consists
of systemic heparinization followed by opening of the
carotid bifurcation to check for reflux from the internal
carotid artery and carrying out PCB, unless thrombosis is
extensive. Anastomoses should be placed at a sufficient
distance to exclude the endarterectomized zone.
Atherosclerotic stenosis after radiation therapy.
Endarterectomy is difficult in patients with atherosclerotic
stenosis after radiation therapy, because atheroma is usually
extensive and inflammatory. Seven of the carotid PTFE
graft bypass procedures in this study were carried out after
unsuccessful attempts to perform endarterectomy in pa-
tients with atherosclerotic stenosis after radiation therapy.
The outcome of bypass grafting was stable in all cases. In a
series of 40 carotid bypass procedures with greater saphe-
nous vein grafts (n  27) and PTFE grafts (n  13) for
treatment of atherosclerotic stenosis after radiation ther-
apy, Cormier et al19 observed one vein graft necrosis 7 days
after the procedure. In our opinion, prosthetic grafts are
more appropriate for this indication.
Analysis of our experiences with PCB leads to two main
conclusions. First, indications for carotid bypass grafting
are uncommon, accounting for fewer than 10% of carotid
revascularization procedures. Second, PCB with PTFE
grafts is a viable and reliable alternative to CEA in selected
patients.
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